Lithostratigraphy and biostratigraphy of the upper cretaceous succession of Southeastern Sinai, Egypt  by Mandur, Medhat M.M.
Egyptian Journal of Petroleum (2011) 20, 89–96Egyptian Petroleum Research Institute
Egyptian Journal of Petroleum
www.elsevier.com/locate/egyjp
www.sciencedirect.comLithostratigraphy and biostratigraphy of the upper
cretaceous succession of Southeastern Sinai, EgyptMedhat M.M. Mandur *Egyptian Petroleum Research Institute, Nasser City, 11727 Cairo, EgyptReceived 22 July 2010; accepted 2 November 2010
Available online 19 October 2011*
E-
11
an
Pe
In
doKEYWORDS
Cretaceous;
Calcareous nannofossils;
Lithostratigraphy;
BiostratigraphyTel.: +20 0126480669.
mail address: medhatmandu
10-0621 ª 2011 Egyptian Pe
d hosting by Elsevier B.V.
er review under responsibi
stitute.
i:10.1016/j.ejpe.2011.06.004
Production and h
Or@yahoo
troleum R
lity of E
osting by E
pen accessAbstract The calcareous nannofossil of the Upper Cretaceous successions exposed at Taba and El
sheikh Attia sections at Southeastern Sinai in Egypt have been studied to contribute in the under-
standing of lithostratigraphy and biostratigraphy. These sediments are subdivided into six rock
units (from older to younger): Raha, Abu Qada, Wata, Matulla, Thelmet and Sudr. According
to its calcareous nannofossil contents the succession is subdivided into 13 biozones and subzones.
They are from the base to top Microrhabdulus decoratus (CC10), Quadrum gartneri (CC11),
Lucianorhabdulus maleformis (CC12), Marthasterites furcatus (CC13), Micula decussata (CC14),
Reinhardtites anthophorus (CC15), Aspidlithus parcus (CC18), Calculites ovalis (CC19), Cerato-
lithoides aculeus (CC20), Reinhardtites levis (CC24) Zones, and Subzones Arkhangelskiella cymbi-
formis (CC25a), Lithraphidites quadratus (CC25b) and Micula murus (CC25c). By means of
calcareous nannofossil three stage boundaries are discussed they are: the Cenomanian/Turonian,
the Santonian/Campanian and the Campanian/Maastrichtian.
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The Upper Cretaceous rocks are well developed in Egypt.
These sediments have attracted the attention of many stratig-
raphers and paleontologists because they are highly fossilifer-
ous and well exposed.
This study deals with the lithostratigraphy and calcareous
nannofossil biostratigraphy of Cenomanian–Maastrichtian of
the Southeastern Sinai area.
Two stratigraphic successions have been measured and
examined in detail. Taba section (lat. 29 300 N and long.
34 510 E) and El sheikh Attia section (lat. 29 130 N and long.
34 260 E) (Fig. 1). This study has been achieved through 144
samples (84 at Taba and 60 at El sheikh Attia) were collected
from the Upper Cretaceous of the studied area. These samples
Figure 1 Location map of the studied successtions.
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get an idea about the widespread uniformity or disuniformity
of the faunal assemblage in Southeastern Sinai.
An Olympus polarized microscope with 100· oil immersion
lens has been used to identify the calcareous nannofossils.
2. Lithostratigraphy
The Upper Cretaceous rocks of the study area were the subject
of several studies. The most important of which are those of
[1–11].
Generally the sequence of the studied succession is subdi-
vided into six formations from base to top as follows.
2.1. Raha Formation
The Raha Formation was ﬁrst described by [12] in Raha scarpe
and Raha plateau (West central Sinai). It is recorded in the two
studied sections with a thickness of 102 m at Taba section and
73 m at El shiekh Attia section (Figs. 2 and 3).
The Raha Formation overlies without visible unconformity
the Malha Formation of Early Cretaceous age [6,9] and con-
formably underlies the Abu Qada Formation. Lithologically
it is composed mainly of yellowish white, massive fossiliferous
limestone and yellowish brown ﬁne grained, non fossiliferous
sandstone. Its calcareous sediments are characterized by a very
rich macrofossil content which includes echinoids, gastrapods
and oysters. On other hand, its calcareous nannofossil content,
which is restricted to the upper part of the formation, is poor.
The Raha Formation is characterized by the presence Micror-habdulus decoratus Zone (CC10) and lower part of Quadrum
gartneri Zone (CC11). The age of this formation is Cenoma-
nian [12,6,8,9].
2.2. Abu Qada Formation
The Abu Qada Formation was ﬁrst described by [12] at Wadi
Abu Qada (West central Sinai). The Abu Qada Formation is
well represented in the area attaining a thickness of 27.5 m at
Wadi Taba and 43 m at El sheikh Attia (Figs. 2 and 3). The For-
mation is represented by dark gray fossiliferous shale and yellow
fossiliferous limestone intercalations generally crowded with
oyster, ammonites and gastropods. This formation conform-
ably overlies the Raha Formation and conformably underlies
the Wata Formation. It is rich in calcareous nannofossil which
indicates the upper part of Q. gartneri Zone (CC11) and lower
part ofLucianorhabdulus maleformisZone (CC12). It is assigned
to the Late Cenomanian–Early Turonian age [8,9].
2.3. Wata Formation
This formation was ﬁrst described by [12] at Wadi Wata (West
central Sinai). The Wata Formation is well developed in the
study area measuring about 80 m in Taba and in El sheikh Attia
sections (Figs. 2 and 3). The Wata Formation consists essen-
tially of a monotonous sequence of yellowish white ﬁne grained
massive fossiliferous limestone with minor bands of yellowish
brownmarly sandstone. This formation is conformably overlain
by the Matulla Formation and is underlain by the Abu Qada
Formation. This formation is a highly fossiliferous unit yielding
macrofossils (rudists). It is moderate in its calcareous nannofos-
sil which indicates the upper part ofL. maleformis Zone (CC12)
and lower part ofMarthasterites furcatus Zone (CC13). It is as-
signed to Middle – Late Turonian age [5,8,9].
2.4. Matulla Formation
The Matulla Formation was described by [12] at Wadi Matulla
(West central Sinai). The Matulla Formation is well repre-
sented in the area attaining a thickness of 35 m at Wadi Taba
and 65 m at El sheikh Attia (Figs. 2 and 3). This formation is
composed of green shales at the base followed by yellowish
brown sandstone, green to brown marls, fossiliferous yellowish
white limestones and yellowish brown nonfossiliferous sand-
stone. It conformably overlies the Wata Formation and con-
formably underlies the Thelmet Formation. This formation
is characterized generally by a poor macrofossils (bivalves)
and microfossils (calcareous nannofossils). According to its
fossils content, of upper part of M. furcatus (CC13) Zone,
Micula decussata Zone (CC14) and Reinhardtites anthophorus
Zone (CC15), this Zone is assigned to the Campanian–Maas-
trichtian age [12,6,8,9].
2.5. Thelmet Formation
The Thelmet Formation was described by [13–16]. This forma-
tion is recorded from Taba section with thickness of 15 m and
25 m of El sheikh Attia (Figs. 2 and 3). This formation is con-
formably underlain by the Matulla Formation and conform-
ably overlain by the Sudr Formation. It is composed mainly
of yellowish brown sandy limestone, partially dolometic and
phosphatic. According to its macrofossil content (gastopods
Figure 2 Range chart of calcareous nannofossil species recognized in Taba succession.
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the Early Campanian age.
2.6. Sudr Formation
The Sudr Formation was ﬁrst described by [12] in Wadi Sudr,
West central Sinai. It is recorded in the studied area with a
thickness of 140 m at Taba section and 35 m at El Shiekh Attia
section (Figs. 2 and 3). The Sudr Formation conformably
overlies the Thelmet Formation and is unconformably overlain
by the Esna Formation of Paleocene age. This formation ischaracterized by its snow white chalky limestones intercalated
with very thin bands of gray and brown chert concentration
with some marls and argillaceous limestone streaks it is highly
fossiliferous with macro- and micro-fossils. It is very rich in its
calcareous nannofossils which indicates Aspidolithus parcus
Zone (CC18), Calculites ovalis Zone (CC19), Ceratolithoides
aculeus Zone (CC20), Reinhardtites levis Zone (CC24), Arkh-
angelskiella cymbiformis subzone (CC25a), Lithraphidites
quadratus subzone (CC25b) and Micula murus subzone
(CC25c). According to its fossil content, it is assigned to the
Campanian–Maastrichtain age [12,6,8,9].
Figure 3 Range chart of calcareous nannofossil species recognized in El sheikh Attia succession.
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The biostratigraphic units are mainly based on the distribution
of the calcareous nannofossils which are given in Figs. 2 and 3.
Some representative nannofossil taxa are presented on Plate 1.
In the present work, 13 calcareous nannofossil biozones are
recognized on the basis of the zonal scheme of [15]. These bioz-
ones are discussed herein from base to top.3.1. Microrhabdulus decoratus Zone (CC10)
Deﬁnition: interval from the ﬁrst occurrence (FO) of
M. decoratus to the ﬁrst occurrence (FO) of Q. gartneri.
Author: Sissingh [15].
Occurrence: This zone is recorded in the Raha Formation
at Taba section and El sheikh Attia section (Figs. 2 and 3).
Remarks and common taxa: This zone is assigned to the
Cenomanian age [15–17,11,18–20]. The distinguishing cal-
careous nannofossil species of this zone, include beside
the index species: Eiffellithus turriseiffelii, Stradneria crenu-
lata, Corollithion signum, Chiastozygus platyrthethus, Micr
orhabulus decoratus, Tranolithus phacelosus, Prediscosphaera
ponticula, Watznaueria biporta, Eprolithus ﬂoralis, Zeugrh-
abdotus diplogrammus, Manivitella pemmatoidea, Gatnerago
obliquum, Broinsonia enormis, Rhagodiscus angustus, Tetrap-
odorhabdus decorus, Zeugrhabdotus erectus, Radiolithus pla-
nus, Nannoconus truitti truitti, Calcicalathina alta, Nannoco
nus elongates and Nannoconus regularis (Figs. 2 and 3).
3.2. Q. gartneri Zone (CC11)
Deﬁnition: this zone includes the intervals from the FO of
Q. gartneri to FO of Lucianorhabdus maleformis.
Author: Cepek and Hay [24] emended by Sissingh [15].
Occurrence: It is recoded from the top most of the Raha
Formation and lower part of Abu Qada Formation at Taba
section and El sheikh Attia section (Figs. 2 and 3).
Remarks and common taxa: The age of this zone is Cenoma-
nian–Turonian [21,17,22,23,19,20]. It is characterized by
the presence of Quadrum qartneri in addition to the assem-
blage of the previous zone (Figs. 2 and 3).
3.3. L. maleformis Zone (CC12)
Deﬁnition: interval from the FO of L. maleformis and/or the
FO Eiffellithus eximius to FO of M. furcatus.
Author: Sissingh [15].
Occurrence: This zone is recorded from the topmost part of
the Abu Qada Formation and Wata Formation at Taba
section and El Sheikh Attia section (Figs. 2 and 3).
Remarks and common taxa: According to its calcareous nan
noplankton association, this zone was assigned to the Turo-
nian age [15,16,19]. It is characterized by the following
calcareous nannofossils assemblage: Eiffellithus turriseiffelii,
Stradneriacrenulata, Corollithionsignum,Chiastozygusplatyr-
thethus,Microrhabulusdecoratus, Tranolithus phacelosus, Pre-
discosphaera ponticula, Watznaueria biporta, Eprolithus
ﬂoralis, Zeugrhabdotus diplogrammus, Manivitella pemmatoi-
dea, Gatnerago obliquum, Broinsonia enormis, Rhagodiscus
angustus, Tetrapodorhabdus decorus, Zeugrhabdotus erectus,Radiolithus planus, Nannoconus truitti truitti, Calcicalathina
alta, Q. gartneri, Prediscosphaera spinosa, Eiffellithus eximius
and Lucianorhabdus maleformis (Figs. 2 and 3).
3.4. M. furcatus Zone (CC13)
Deﬁnition: interval from the FO of M. furcatus to FO of
Micula decussate.
Author: Cepek and Hay [24]emended by Sissingh [15].
Occurrence: TheM. furcatus Zone is recorded from the top-
most part of the Wata Formation and lowermost part of
the Matulla Formation at Taba section and El sheikh Attia
section (Figs. 2 and 3).
Remarks and common taxa: According to its association of
calcareous nannofossils, this zone is assigned to the Turo-
nian–Coniacian age [15,16,25,11]. In the present work this
zone is characterized by the same taxa as the L. maleformis
Zone, in addition to M. furcatus and Zeugrhabdotus
embergeri (Figs. 2 and 3).
3.5. M. decussata Zone (CC14)
Deﬁnition: interval from the FO of M. decussata to FO of
anthophorus.
Author: Manivit [26] emended by Sissingh [15].
Occurrence: This zone is recorded from the Matulla Forma-
tion at Taba section and El sheikh Attia section (Figs. 2 and
3).
Remarks and common taxa: It is assigned to the late Conia-
cian and early Santonian age according to its association of
calcareous nannofossils [16]. The M. decussata Zone in the
investigated area is characterized by the following taxa in
addition to the assemblage of the previous zone: Micula
decussate, Zeugrhabdotus pseudanthophorus,C. ovalis, Tran-
olithus manifestus, Lithastrinus septenarius and Thiersteinia
ecclesiastica (Figs. 2 and 3).
3.6. R. anthophorus Zone (CC15)
Deﬁnition: interval from the FO of the R. anthophorus to
FO of Lucianorhabdus cayeuxii.
Author: Sissingh [15].
Occurrence: It is recorded from the topmost part of the
Matulla Formation at Taba section and El sheikh Attia sec-
tion (Figs. 2 and 3).
Remarks and common taxa: The age of this zone is
Santonian [27,28,20]. This zone is characterized by the same
assemblage of the previous zone in addition to: Micula
concava, Zygolithus crux and R. anthophorus (Figs. 2 and
3).
3.7. Aspidlithus parcus Zone (CC18)
Deﬁnition: interval from the FO of Aspidolithus ex.gr.parc
us to the Last occurrence (LO) of M. furcatus.
Author: Sissingh [15].
Occurrence: It is recorded from Sudr Formation (Markha
Member) at Taba section and El sheikh Attia section (Figs.
2 and 3).
Plate 1 Explanation of plate 1 (All Figures X 2350). (1) Eiffellithus turriseiffelii (Deﬂandre in Deﬂandre and Fert, 1954). L. maleformis
Zone (CC12), sample No. 23, Taba section. (2) Eiffellithus Eximius (Stover, 1966). R. anthophorus Zone (CC15), sample No. 41, Taba
section. (3 and 4) Q. gartneri (Prins and Perch-Nielsen in Manivit et al., 1977). Q. gartneri Zone (CC11), sample No. 12, Taba and El
sheikh Attia section. (5) A. cymbiformis (Vekshina, 1959). A. cymbiformis subzone (CC25c), sample No. 79, Taba section. (6)Watznaueria
barnesae (Black in Black and Barnes, 1959; Perch-Nielsen, 1968). C. aculeus Zone (CC20), sample No. 54, El sheikh Attia section. (7)
Cribrosphaerella ehrenbergii (Arkhangelsky, 1912; Deﬂandre in Piveteau, 1952). A. parcus Zone (CC18), sample No. 45, El sheikh Attia
section. (8 and 9) Rhagodiscus angustus (Stradner, 1963; Reinhardt, 1971), M. decussata Zone (CC14), sample No. 47, Taba section,
sample No. 36, El sheikh Attia section. (10) Zeugrhabdotus pseudanthophorus (Bramlette and Martini, 1964), R. levis Zone (CC24), sample
No. 65, Taba section. (11) Zeugrhabdotus embergeri (Noe¨l, 1959), M. furcatus Zone (CC13), sample No. 33, El sheikh Attia section. (12
and 13) Calculites obscurus (Deﬂandre, 1959), C. aculeus Zone (CC20), sample No. 58, El sheikh Attia section. (14) Thoracosphaera
operculata (Bramlette and Martini, 1964), M. murus subzone (CC25c), sample No. 78, Taba section. (15 and 16) L. quadratus (Bramlette
and Martini, 1964), L. quadratus subzone (CC25b), sample No. 75, Taba section. (17 and 18) Micula Concava (Stradner in Martini and
Stradner, 1960), R. anthophorus Zone (CC15), sample No. 48, Taba section. (19) M. murus (Martini, 1961), M. murus Zone (CC25c),
sample No. 83, Taba section. (20)M. decussata (Vekshina, 1959),M. decussata Zone (CC14), sample No. 44, El sheikh Attia section. (21)
Lucianorhabdus maleformis (Reinhardt, 1966), L. maleformis Zone (CC12), sample No. 22, El sheikh Attia section. (22) M. decoratus
(Deﬂadre, 1959), M. decoratus Zone (CC10), sample No. 2, Taba section. Lucianorhabdulus cayeuxii (Deﬂandre, 1959), A. parcus Zone
(CC18), sample No. 46, El sheikh Attia section. (24) Braarudosphaera bigelowii (Gran and Braarud, 1935), C. aculeus Zone (CC20), sample
No. 59, Taba section.
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nannofossil suggests a campanian age [29,16]. TheA. parcus
Zone in the investigated area is characterized by the same
assemblage of the previous zone in addition to the marker
species (Figs. 2 and 3).
3.8. C. ovalis Zone (CC19)
Deﬁnition: interval from the LO ofM. furcatus to the FO of
C. aculeus.
Author: Sissingh [15].
Occurrence: This zone is recorded from Sudr Formation
(Markha Member) at Taba section and El sheikh Attia sec-
tion (Figs. 2 and 3).
Remarks and common taxa: It is assigned to the Campanian
age according its association of calcareous nannofossil [16].
It is characterized by the same assemblage of the previous
zone in addition to R. levis (Figs. 2 and 3).
3.9. C. aculeus Zone (CC20)
Deﬁnition: interval from the FO of C. aculeus to the FO of
Quadrum sissinghii (Tetralithus nitidus and Quadrum nitidu
m).
Author: Cepek and Hay [24] emended by Martini [30].
Occurrence: This zone is recorded from the Sudr Formation
(Markha Member) at Taba section and El sheikh Attia sec-
tion (Figs. 2 and 3).
Remarks and common taxa: It is assigned to the Campanian
age according its association of calcareous nannofossil [25,
31]. It is characterized by the presence of R. levis, Thorac-
osphaera operculata, Cyclagelosphaera reinhardtii, Braarudo
sphera bigelowii, Chiastozygus amphipons, C. aculeus and A.
cymbiformis and others (Figs. 2 and 3).
3.10. R. levis Zone (CC24)
Deﬁnition: interval between the LO of Tranolithus phacelo-
sus and the LO of R. levis.
Author: Sissingh [15].
Occurrence: It is recorded from Sudr Formation (Abu Zen-
ima Member) at Taba section (Fig. 2)
Remarks and common taxa: It is assigned to the Maastrich-
tian age according to its association of calcareous nanno-
fossils ([16,25,31]). The R. levis Zone in the investigated
area is characterized by the presence of calcareous nanno-
fossils: Eiffellithus turriseiffelii, Lithraphidites carniolensis,
Stradneria crenulata, Corollithion signum, Chiastozygus
platyrthethus, Microrhabulus decoratus, Micula decussate,
Zeugrhabdotus pseudanthophorus, Micula concave, Watznae-
uria barnesae, Lucianorhabdus cayeuexii, Cribrosphaerella
ehrenbergii, Prediscospaera cretacea, Braarudosphera bige-
lowii, Calculitesobscurus, R. levis, C. aculeus, A. cymbiformis
and Prediscosphaera grandis (Fig. 2).
3.11. A. cymbiformis subzone (CC25a)
Deﬁnition: interval from the LO of R. levis to the FO of L.
quadratus.Author: Perch-Nilsen [16,21] emended by Martini [30].
Occurrence: This zone is recorded from the Sudr Formation
(Abu Zenima Member) at Taba section (Fig. 2).
Remarks and common taxa: It is assigned to the early Maas-
trichtian age according its association of calcareous nanno-
fossil [16,31]. For the calcareous nannofossil assemblage of
this zone, see Fig. 2.
3.12. L. quadratus subzone (CC25b)
Deﬁnition: the interval from the FO of L. quadratus to FO
of M. murus.
Author: Perch-Nilsen [16,21].
Occurrence: It is deﬁned as it is recorded from Sudr Forma-
tion (Abu Zenima Member) at Taba section (Fig. 2).
Remarks and common taxa: It is assigned to the early late
Maastrichtian age according its association of calcareous
nannofossil [31,32]. The L. quadratus Zone in the investi-
gated area is characterized by the same assemblage of the
previous zone in addition to: Lihraphidies quadratus
(Fig. 2).
3.13. M. murus subzone (CC25c)
Deﬁnition: interval from the FO of M. murus to the FO of
Nephrolihus frequens.
Author: Perch-Nilsen [16,21].
Occurrence: It is recorded from Sudr Formation (Abu Zen-
ima Member) at Taba section (Fig. 2).
Remarks and common taxa: It is assigned to the late Maas-
trichtian age according its association of calcareous nanno-
fossil [31,20]. This zone include the following calcareous
nannofossil assemblage: Eiffellithus turriseiffelii, Lithraphi-
dites carniolensis, Stradneria crenulata, Prediscosphaera spin-
osa, Micula decussate, Zeugrhabdotus pseudanthophorus,
Micula concave, Watznaeuria barnesae, Lucianorhabdus cay-
euexii, Cribrosphaerella ehrenbergii, Prediscospaera creta-
cea, Braarudosphera bigelowii, C. aculeus, A. cymbiformis,
Prediscosphaera grandis, Thoracosphaera operculata, Lih-
raphidies quadratus and M. murus (Fig. 2).
4. Stage boundaries
4.1. Cenomanian/Turonian boundary
The Cenomanian/Turonian boundary in this study is deter-
mined accurately by means of the calcareous nannoplankton
(CC11/CC12 boundary) at the top of Abu Qada Formation.
The ﬁrst occurrence of Lucianorhabdus maleformis indicates
the latest Cenomanian/earliest Turonian boundary [16]. This
boundary is delineated by the appearance of Lucianorhabdus
maleformis and Eiffellithus eximus.
4.2. Santonian/Campanian boundary
In the present study the latest Santonian is missing due to the
absence of the calcareous nannofossil Lucianorhabdus cayeuxii
Zone. Also the basal Campanian is missing due to the absence
of the calcareous nannofossil Calculites obscurus Zone. This
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nian. The ﬁrst occurrence of Aspidolithus parcus parcus inicates
the Early Campanian [15,29].
4.3. Campanian/Maastrichtian boundary
In the present study, the Campanian /Maastrichtian boundary
delineated in basal part of Sudr Formation. The latest Camp-
anian is missing due to the absence of Quadrum Sissinghii Zone
and Quadrum triﬁdum Zone. The calcareous nannofossil Zone
of the Early Maastrichtian (Tranolithus phacelosus Zone) is ab-
sent. This indicated that Maastrichtian unconformably over-
lies the Campanian. The appearance of R. levis Zone
indicates the Early Maastrichtian [15,29].
5. Conclusions
The Upper Cretaceous succession of Southeastern Sinai was
measured and studied in Taba and El sheikh Attia sections.
Lithostratigraphically, the studied succession are subdivided
into the following formations from base to top: Raha, Abu
Qada, Wata, Matulla, Thelmet and Sudr. The biostratigraphic
study in the present work was mainly established by means of
calcareous nannofossils. This study mainly involves the identi-
ﬁcation of (57) calcareous nannofossil species. The intensive
study of the vertical distribution of recognized calcareous nan-
nofossils enables to subdivide of the Upper Cretaceous succes-
sion into 13 calcareous nannofossils biozones and subzones.
These are from older to younger: M. decoratus Zone, Q. gart-
neri Zone, L. maleformis Zone,M. furcatus Zone,M. decussata
Zone, R. anthophorus Zone, A. parcus Zone, C. ovalis Zone, C.
aculeus Zone, R. levis Zone, A. cymbiformis subzone, L. quad-
ratus subzone and M. murus subzone. The Cenomanian/Turo-
nian boundary in is determined coincides with CC11/CC12
zonal boundary of Calcareous nannofossil, the Campanian un-
conformably overlies Santonian and the Maastrichtian uncon-
formably overlies the Campanian.
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